Objective: We assessed health-related quality of life in cancer survivors treated in designated cancer centers when compared with the general population in Korea. Methods: A multicenter survey was conducted from July through August 2008 using the quotasampling approach. A general population sample was drawn from the Fourth Korean National Health and Nutrition Examination Survey, second year. We compared the multivariate-adjusted least square means of cancer patients with those of the general population to examine relationships between EuroQol five-dimensional questionnaire components and cancer sites, cancer stage and time since diagnosis. The independent variables of responses to the EuroQol five-dimensional questionnaire were evaluated using logistic regression analysis. Results: Cancer patients scored significantly poorer on measures of self-care (means: stomach 1.25; lung 1.40; liver 1.27; colon 1.26; breast 1.27; cervical 1.29 vs. general 1.18), engagement in usual activities (means: stomach 1.47; lung 1.63; liver 1.45; colon 1.44; breast 1.46; cervical 1.47 vs. general 1.33) and anxiety/depression (means: stomach 1.41; lung 1.50; liver 1.41; colon 1.42; breast 1.50; cervical 1.47 vs. general 1.28). Those in the local stage scored significantly better on mobility (mean ¼ 1.35) than the general population (mean ¼ 1.40). Cancer patients, especially those with lung cancer, in the advanced stage and more than 5 years since diagnosis had poorer health-related quality of life than the general population. Some factors such as medical insurance and healthcare services were related to health-related quality of life among cancer patients. Conclusions: Health-related quality of life of cancer survivors with lung cancer at advanced stages, ,1 year earlier and more than 5 years since diagnosis was poorer than that for the noncancer control group, and these differences were statistically significant. Cancer survivors should be continuously observed and offered support.
INTRODUCTION
Quality of life is as important to patients with cancer as is their expected life span and other issues related to survival (1) . Thus, as the quality of life of patients with cancer has come to be recognized as a robust indicator of their well-being, it has assumed new importance in studies (2) . However, previous studies have shown that the quality of life of patients with cancer is worse than that of the general population in terms of physical, emotional and social functioning (3, 4) . Despite expectations of treatment effectiveness, an acceptable quality of life and a comfortable death, patients with cancer generally experience decreases in their quality of life as experiences of helplessness and despair emerge during prolonged medical treatment (e.g. surgery, chemotherapy or radiotherapy).
Health-related quality of life (HRQoL) can be defined as the multidimensional influence of a disease and its treatment on the physical, psychological and social functioning and overall well-being of patients (5) . A variety of tools are available to assess HRQoL. The EuroQol five-dimensional (EQ5D) questionnaire, developed by EuroQol Group, is a simple and generally applicable approach appropriate for large-scale evaluations of overall health status. The EQ5D is now widely accepted in many countries due to its availability in various languages as well as its appropriateness for use in diverse cultures and circumstances (6) .
Many previous studies have attempted to identify factors that affect the quality of life. For example, studies involving patients with cancer have evaluated factors such as age, ethnicity, income, education, alcohol use, smoking, comorbid conditions, treatment, stage of illness, time since diagnosis and recurrence as potential contributors to HRQoL (7 -12) . Examinations of the relationship between quality of life and demographic characteristics have indicated that the quality of life of those who are male, relatively young, earned more and were more highly educated is better than that of individuals without these characteristics (7 -9,11,13 -16) . However, another study reported no significant differences in quality of life as a function of economic condition or level of education (17) . Studies of clinical factors have reported that differences in the quality of life of patients undergoing chemotherapy and radiotherapy are related to cancer stage, especially among those in the early stage of the disease (8 -10,18,19) . However, most previous studies on HRQoL involved small numbers of patients with specific cancer types from single centers located in Western countries, and they therefore have limited generalizability in non-Western countries where social and cultural norms may be different. Thus, the independent influence of various cancers on HRQoL and comparisons between individuals with these cancers and the general population, as well as mixed results and the limitations mentioned above, preclude generalization of the findings.
In this study, we investigated the difference in HRQoL between patients with cancer treated in designated cancer centers and the general population. Secondary objectives were to examine factors that contribute to HRQoL in patients with cancer.
PATIENTS AND METHODS

STUDY POPULATION
A nationwide multicenter survey involving one national and nine regional cancer centers (RCCs) was conducted from July to August 2008. The government designated three national university hospitals in provincial cities as RCCs in 2004. The other six national university hospitals were designated as RCCs in 2005 and 2006. The RCCs must perform their jobs responsibly to provide comprehensive clinical care for regional cancer patients and to facilitate the national cancer control programs. The National Cancer Center and the nine government-designated RCCs participated in the survey as representatives of all cancer centers in Korea.
We used the following quota-sampling approach. Our aim was to recruit 200 -300 Korean patients from each center; we attempted to build a sample in which 80% of participants had at least one of the six major types of cancer (stomach, lung, liver, colon and rectal, breast and cervical), and 20% had other types. In this survey, we set quotas with regard to sex, age, residential location and cancer type to make sure that our sample represented the demographic distribution of Korea as shown in the most recent adult population. Detailed procedures have been described in previous studies (20, 21) . In total, 2661 completed surveys were collected.
The following inclusion criteria were used: older than 20 years of age, used the inpatient or outpatient facilities of at least one of these 10 cancer centers, at least 4 months since diagnosis and in current or follow-up treatment. After we reviewed the questionnaires for completeness and to identify individuals with the six most common cancers, 1608 patients who provided consent remained in the study. This study was approved by the Institutional Review Board of the National Cancer Center in Korea.
Data on the general population were drawn from those collected during 2008, the second year of the Fourth Korean National Health and Nutrition Examination Survey, a crosssectional and nationally representative survey on the health and nutritional status of the non-institutionalized Korean population. The participants were chosen by proportional allocation-systematic sampling using multistage stratification (age, sex and region). Of the 9308 participants who finished the health examination and health questionnaire, data from 5443 cancer-free individuals (58.5%) aged 20 were included in the analyses. We excluded individuals who had been diagnosed with cancer by a physician and had been treated for cancer.
QUESTIONNAIRE
The study also included the EQ5D, a measure of HRQoL, and questions regarding sociodemographic and medical variables, stress, depression and suicidal thoughts (22) . The EQ5D questionnaire is a simple two-page measure of generic HRQoL. On the first page (the 'self-classifier' section), respondents
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Comparing HRQoL of patients with cancer report on the extent of their problems in each of five dimensions with higher scores reflecting more negative outcomes: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. On the second page, they record their perceptions of their overall health using a visual analogue scale (EQ-VAS). EQ-VAS scores range between 0 (worst imaginable health) and 100 (best imaginable health). The accuracy of the medical information about site and stage of cancer (SEER stage) was ascertained by checking this information with data from medical records. Comorbidity information was obtained from the patient survey.
STATISTICAL ANALYSES
The original responses to the EQ5D self-classifier section (no problems, some or moderate problems and extreme problems or unable to function) were collapsed into two categories (no problem and any problem). The proportions of patients reporting any problem were compared with the cancer-free general population, which served as the reference group. We compared the multivariate-adjusted least square (LS) means of the patients with those of the general population to examine the relationships between EQ5D components and cancer sites, cancer stage and time since diagnosis. The independent influence of demographic information including gender, age, education, marital status, family members, income, residence, insurance, health behaviors (including smoking, drinking, comorbidity), age at diagnosis, time since diagnosis, cancer site and stage and healthcare services (including operation, chemotherapy, radiotherapy, satisfaction, treatment compliance, trust in doctor) on each dimension of the EQ5D scale was examined using multivariate logistic regression analysis. Patients who experienced any problems were part of the reference group. Additional multiple regression analyses explored relationships among demographic characteristics, health-related behaviors and clinical indicators, as well as the overall EQ-VAS (a continuous variable).
P values ,0.05 indicated statistical significance, and all data analyses were performed using the SPSS statistical software (ver. 21.0; SPSS, Inc., Chicago, IL, USA). Table 1 presents the distributions of participants in terms of demographic characteristics, health-related behaviors, clinical status and utilization of healthcare services in 2008. Among the patients with cancer, females were slightly more numerous (51.3%) than males. Most patients had attended middle school or less, were married, lived with more than two family members, earned less than $1779.00 (US dollars) per month, lived in the city or country, had national health insurance (NHI), did not smoke, did not drink, had no comorbid conditions, had undergone surgery/chemotherapy, had not received radiotherapy, were satisfied with the healthcare services they received, participated in all treatments recommended by their doctor and trusted their doctor. More than three-quarters of the sample (76.4%) were diagnosed at 20 -64 years of age, 49.6% had been diagnosed 1 -5 years ago and 86.2% were in either the 'in situ/local' or a 'regional' stage of the disease.
RESULTS
CHARACTERISTICS OF CANCER PATIENTS AND THE GENERAL POPULATION
Of the 5443 members of the general population included in this study, 59.5% were female, and 76.1% were 20 -64 years of age. The majority had more than a high school education, were married, lived with more than two family members, had monthly incomes of more than $1779.00, lived in the city or country, had NHI, did not smoke, did not drink and had no comorbid conditions.
COMPARISON OF HRQOL OF PATIENTS WITH CANCER AND THE GENERAL POPULATION ACCORDING TO CANCER SITE, STAGE AND TIME SINCE DIAGNOSIS
Compared with the general population, those with the six major forms of cancer (stomach, lung, liver, colon/rectum, breast and cervix) had significantly higher LS mean scores on the self-care, usual activities and anxiety/depression scales of the EQ5D, and those with lung or breast scored significantly higher on the EQ5D scales for pain/discomfort after adjusting for sex, age, education, marital status, household income, place of residence, insurance, smoking, drinking and comorbidity, which were associated with QOL in previous studies (12,16 -18) (Fig. 1) . Those with lung cancer scored significantly higher on the EQ5D scale for mobility compared with the general population after adjusting for the same variables.
In terms of cancer stage, those in the regional and distant stages scored significantly higher than those in the general population on four of the EQ5D scales; the exception was the pain/discomfort scale (Fig. 2) . Those in the local stage scored significantly lower on the EQ5D scales than the general population. Two groups (regional and distant) scored significantly higher on the EQ5D pain/discomfort scale than the general population after adjusting for the same variables. In general, patients in the advanced stages of illness scored higher on all dimensions of the EQ5D scale.
With respect to time since diagnosis, a reflection of survival time, all three groups (,1, 1 -5, .5 years) scored significantly higher than the general population on all EQ5D scales except that addressing mobility; however, those who had been diagnosed ,1 year or more than 5 years ago scored significantly higher on the EQ5D mobility scale, when compared with the general population after adjusting for the same variables (Fig. 3) . Additionally, those diagnosed ,1 year or more than 5 years ago scored higher on all dimensions of the EQ5D scale compared with those who had been diagnosed 1 -5 years ago. The distribution of cancer types showed little variation according to time since diagnosis.
Because this study population had a broad age range, the subjects were stratified into categories of 20 -64 and more than 65 years of age. The results showed little variation by age 
FACTORS OF OVERALL HRQOL ACCORDING TO THE MULTIPLE REGRESSION ANALYSIS
The multiple regression analysis identified the following independent variables of lower EQ-VAS scores: not being married (i.e. separated, widowed, divorced), having a lower monthly family income, having NHI, having a comorbid condition, being in the regional or distant cancer stage, not being satisfied with healthcare services and not trusting the doctor (Table 3) .
DISCUSSION
This study measured the HRQoL of patients with the six most common types of cancer, compared these data with those from a sample of the general population, and tried to identify the factors that contribute to the HRQoL of patients with cancer.
Reeve et al. (23) compared older patients with nine different types of cancer to individuals without cancer. Their study found that all cancer patients, except those with melanoma and endometrial cancer, had significantly worse physical health than patients without cancer, and that colorectal, prostate and lung cancer patients reported worse mental health scores than the control group. Our study comparing Korean patients with cancer to the general population found that all patients with cancer scored significantly poorer on scales measuring self-care, usual activities and anxiety/depression. With regard to pain/discomfort, those with lung or breast cancer scored worse than did those in the general population. These results are similar to those of Reeve et al., who used different measurement tools. However, their study did not include stomach and cervical cancer. Those with lung cancer emerged as especially compromised compared with members of the general public with regard to all dimensions of the HRQoL; this group seems to have a particularly strong need for continuous management and support. Additionally, comparisons between cancer patients and the general population based on the stage of cancer revealed that all of those in the local, regional and distant stages scored worse on measures of mobility, self-care, usual activities and anxiety/depression, and those in the regional and distant stage had poorer scores on all dimensions of the HRQoL. In a prospective study of head and neck cancer, patients with more advanced disease (Stages III -IV) scored worse than patients with Stages I -II (24) . This may be because patients with advanced cancer were more often bothered by problems with their physical and mental functioning.
Similarly, the patients who were diagnosed ,1 year earlier had poorer mobility, self-care, usual activities and pain/discomfort scores, but these variables showed relative recovery 
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Comparing HRQoL of patients with cancer or stable tendencies in patients 1 -5 years after diagnosis. However, they deteriorated again in patients more than 5 years since diagnosis. Additionally, the anxiety and depression scores were consistently worse in cancer patients than in the general population. Therefore, cancer patients should be continuously observed and offered support for physical and psychosocial functioning. HRQoL and related factors were analyzed using each of the five dimensions of the EQ5D questionnaire as a dependent variable. First, patients with at least a high school education scored better on mobility and usual activities, and higher family income was also related to better HRQoL with regard to mobility and self-care. These findings are consistent with those of prior studies showing that higher income and more education have positive effects on the HRQoL (14, 15, 25) . Secondly, patients with Medical Aid insurance had lower scores for mobility, self-care and usual activities, indicating that economic status affects the quality of life, probably because basic needs cannot be met and general satisfaction with life is reduced by comparing oneself with others. Additionally, patients in the regional or distant cancer stage scored worse on all dimensions of the HRQoL scale than the reference group. This finding is consistent with the results of other studies (3). Thus, the degree to which cancer has Figure 2 . Adjusted LS mean values of EQ5D dimensions according to cancer stage. **P , 0.001, *P , 0.05; P value for each cancer stage was compared with data for the general population (reference group). There were 994 local, 393 regional and 221 distant cancer patients, and 5443 reference individuals.
progressed affects the quality of life owing to its impact on physical pain, fear of the disease and the emotional burden associated with the condition.
Thirdly, patients receiving chemotherapy had lower scores on measures of mobility, usual activities and pain/discomfort, and patients receiving radiotherapy scored worse on measures of mobility, self-care, pain/discomfort and anxiety/depression. Contrary to earlier reports that chemotherapy and radiotherapy increase overall HRQoL 1 year after surgery, these data suggest that the HRQoL decreases as a function of increasing limitations in some areas of physical functioning (26) .
Radiotherapy is generally more strongly associated with decreased HRQoL than surgery or chemotherapy (27, 28) . Also, the previous studies were longitudinal studies based on randomized controlled trials, in which patients who had received surgery were included in the surgery-only group, but the same patients may have also been included in the combined treatment group at a later point in time. Our study indicates that chemotherapy, surgery and radiation reduce patients' HRQoL because they are difficult processes for the patients. Patients who were satisfied with healthcare services demonstrated better HRQoL in all dimensions, and patients Figure 3 . Adjusted LS mean values of EQ5D dimensions according to time since cancer diagnosis. **P , 0.001, *P, 0.05; P value for each period since cancer diagnosis was compared with data for the general population (reference group). There were 564 individuals with ,1 year, 798 individuals with 1 -5 years and 246 with .5 years since diagnosis, and 5443 reference individuals.
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Comparing HRQoL of patients with cancer who trusted their doctor scored significantly worse on usual activities and pain/discomfort. We had initially predicted that trust in doctors would be correlated with a better HRQoL, but the results of this study showed the reverse association. This correlation seems to occur because patients who had difficulty with usual activities and who had pain/discomfort were more 
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Comparing HRQoL of patients with cancer dependent on their doctor than were those with a better HRQoL related to mobility, self-care and anxiety/depression, leading to a deepening of the empathic and therapeutic alliance. On the other hand, contradictory results also showed that distrust in their physicians was not associated with physical HRQoL. Patients may have distrusted their physicians because health management activities were sometimes burdensome or painful or because they experienced a substantial reduction in support from their physician/organization over time after diagnosis (29 -31) . However, it is not possible to infer causality or directionality in this study because the data were cross-sectional. Our findings should be interpreted in light of their limitations. Our sampling method was not optimal, as we could not randomly sample or statistically assess the representativeness of our sample. In the original survey, with respect to cancer types we used quota sampling to obtain a similar distribution to the general Korean cancer population. However, in survey data, breast and cervical cancer showed relatively high proportional distribution. Considering the high incidence of these women's cancers in younger ages and given that, in our study, younger ages and female participants numbered more than the entire distribution of cancer survivors in Korea, we believe that gender and age could be somewhat skewed for these types of cancers in our study. Additionally, due to the crosssectional design of our study, we were unable to determine causal relationships. Nevertheless, our study compared the HRQoL of patients who had the six most common cancers with that of the general population and examined the patients' quality of life. Thus, findings from this study could provide a generalized comparison of the HRQoL between cancer survivors and the general public.
